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Analyses for 8 trace metals were made on hair samples of 126 male and 55 female
subjects aged 1 to 102 years, most of whom patronized a barber shop. Marked variations
were found. Samples of female hair had significantly more magnesium, copper and
cobalt than did male hair. Young female hair had more copper, lead and cadmium than
did hair from older women. Natural colored hair of females contained more magnesium,
copper, lead, nickel and zinc than did natural colored hair of males. Grey hair of
women had more magnesium and less cadmium and lead than that of men. In males there
was more magnesium and less cadmium in black hair than in hair of other colors, less
zinc in blond than in black or red, more lead in brown than in black or red and more
nickel in red than in brown hair. In females there was less zinc in blond than in brown or
red and less magnesium in brown than in red hair. Concentrations of the essential
elements magnesium, zinc, copper, cobalt and chromium in hair did not decline with
age in men, and were maintained in women after age 40. Nickel, cadmium and lead
did not accumulate with age. It is doubtful that concentrations of these trace metals in
hair reflect tissue stores under normal conditions.
Hair is considered a minor excretory organ
for trace elements and a considerable amount
of data on many of them have been reported
(1, 2, 3). To our knowledge, however, there is
little available data on various trace metals in
hair as a function of age, sex, color of hair
and greying, although red hair has been re-
ported to contain relatively high concentrations
of iron (2), and white hair low concentrations
of manganese (4). Therefore, we have analyzed
samples of human hair for 5 essential metals,
magnesium (which occurs in trace amounts in
hair), zinc, copper, chromium and cobalt, and
for three trace metals which have no known
metabolic roles, and which accumulate in cer-
tain human tissues with age, lead, nickel and
cadmium. Furthermore, we have considered
whether or not the concentration of a trace
metal in human hair reflected total body burden
of that metal, as has been proposed for zinc
(5, 6) and lead (7).
MATERIALS AND METHODS
Samples of hair were taken with clippers from
the sides and back of the head of 117 males and
from the ends of the hair of 47 females aged 10
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months to 102 years. All subjects were ambula-
tory and patronized 1 barber shop. Hair which
had been dyed or bleached was not selected. Each
sample was placed loosely in a paper envelope,
transported to the laboratory and washed carefully
with carbon tetrachioride to remove lipids and
dust.f Samples from 17 additional subjects were
selected on the basis of having red or blond hair
from a group of students and faculty in a sec-
ondary school. Nine were male and 8 female. They
were treated identically. The hair had not been
dyed or bleached. Ages of the subjects are indi-
cated in Table I.
Samples were ashed in silica crucibles in a
muffle furnace at 450 C for several hours, until a
white powder remained. They were then dissolved
in 5 or 10 ml 0.1 N hydrochloric acid and stored
in polyethylene bottles. Precautions to avoid con-
tamination were those we have routinely employed
for thousands of samples of biomaterial (8).
Analyses were made by atomic absorption spec-
trophotometry (Perkin-Elmer 303) using a Boling
burner and a recorder readout. Practical limits of
detection of the metals in solution of ash and
standard solutions were 0.01 g/ml for copper,
chromium, cadmium; 0.05 for cobalt, lead and
nickel. In the cases of magnesium and zinc it was
necessary to dilute solutions 10 times or more,
depending upon the concentration found, and the
limits of detection were not reached. Percentage
reproducibility of the method at working concen-
trations according to 10 repetitive analyses, in
terms of coefficients of variation, were approxi-
71
t The samples were not washed with detergents,
as this removes many trace metals successively
from hair (9). In the carbon tetrachloride, evapo-
rated to dryness and dissolved in HC1 and de-
mineralized water, were found the following con-
centrations (Lg/ml of original volume): Mg 0.004.
Zn 0.004, Cu 0.14, Cr < 0.001, Cd < 0.001, Pb <
0.01, Ni <0.006.
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TABLE I
Age and sex of subjects
Age, years No. males No. females
1—9
10—19
20—29
30—39
40—49
50—59
60—69
70—79
80—89
102
23 (+2)
30 (+5)
16 (+2)
4
4
10
18
7
4
1
13 (+1)
6 (+5)
5
1 (+1)
4
6 (+1)
12
—
—
—
Total 117 (+9) 47 (+8)
Note: Numbers in parentheses represent addi-
tional samples selected on the basis of red and
blond hair.
Table II. Female hair showed higher concen-
trations of magnesium, copper, cobalt and
nickel than did male, with similar concentra-
tions of zinc, cadmium, chromium, and lead,
Differences in concentrations of copper and
nickel were especially large.
When mean concentrations of the trace
metals in the hair of subjects in the first three
decades of life were compared with those of
subjects aged 40 to 70 years, differences oc-
curred only in female hair and only as to cop-
per, lead and cadmium, values being consider-
ably lower in older persons (Table III). There
were 12 males but no females in this series aged
70 to 102. Compared to males aged 40 to 70
years, no significant changes were found in the
means of trace metal concentrations in their
hair, which contained (jLg/g S.E.M.):
35.0 4.42 magnesium, 179.4 6.97 zinc,
TABLE II
Trace metals in human hair according to sex
Metal
Male Female
g* p*
N Mean SEMg/g N°' Mean SEMzgfg
Mg
Zn
Cu
Co
Cd
Pb
Ni
Cr
47
82
79
19
82
78
79
63
49.7 8.63
167.0 5.09
16.1 1.19
0.17 0.025
2.76 0.483
17.8 2.17
0.97 0.147
0.69 0.063
30
47
47
11
47
47
25
5
85.7 13.83
172.1 9.32
55.6 10.27
0.28 0.043
1.77 0.239
19.0 2.95
3.96 1.055
0.96 0.049
2.30
—
4.86
2.32
—
—
4.59
—
-0.O1
N.S.f
<0.001
<0.02
N.S.
N.S.
<0.001
N.S.
* Student's t and the probability (P) of the difference between the mean values being due to chance.
When not shown, t showed a probability greater than 0.05.
t Not significant (P > 0.05).
mately: magnesium 1 per cent, zinc 0.7 per cent,
copper 5 per cent, chromium 10 per cent, cad-
mium 5 per cent, lead 10 per cent, cobalt 7 per
cent and nickel 4 per cent. In some cases all of
the metals could not be measured because of the
small volumes of the samples; the numbers meas-
ured are shown in the tables.
In this report, pigmented hair (red, brown,
black, blond) is considered as natural colored hair
and depigmented hair (grey or white) is considered
as grey hair. The presence of depigmented hairs in
a sample classified it as grey, regardless of the
color of the remainder of the sample.
RESULTS
The mean concentrations of 8 trace metals
in the hair of males and females are given in
12.7 1.80 copper, 0.13 0.039 cobalt,
0.30 0.094 nickel, 13.9 6.44 lead, and
1.56 0.417 cadmium. The oldest man had
(cg/g): zinc 200, lead 8, magnesium 34,
cadmium 3.1, copper 5, cobalt <0.1; in most
instances these values compare favorably with
the means for all males. Chromium was not
measured in this group.
Examination of scatter diagrams and curves
constructed from the means of all values by
sex and decade failed to reveal significant
changes by age in magnesium, or zinc, but
showed a decline in cadmium beginning in the
seventh decade and in lead beginning in the
fifth. Copper in males gradually declined from
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TABLE III
,Significant changes in trace metals in hair according to age
Metal Sex
1 to 30 years 40 to 70 years
t P
N' Mean SEM
zg/g N°
Mean SEMg/g
Cu
Pb
Cd
9
9
9
24
24
24
86.2 16.67
24.5 4.90
2.59 0.379
22
22
22
16.6 1.58
8.4 1.16
0.92 0.153
3.89
3.76
3.87
<0.001
<0.001
<0.001
Note: There were no significant differences in the means for Mg, Zn, Cr, Ni, and Co according to age
in either sex, nor for Cu, Pb and Cd in males.
* Student's t and the probability that the difference in the means was due to chance.
the second decade thereafter, and in females, at
high levels from the first to the third decade
(71 to 131 eg/g), precipitously fell in the fifth
decade to approximately male levels (17 sg/g)
thereafter.
All men aged 34 to 102 had grey or white
hair, as did all women over 60 and 5 of 7 aged
48 to 57 years. Means of concentrations of trace
metals were compared, according to sex, with
those persons having blond, red, black and
brown hair combined (Table IV). Grey-haired
males possibly had less copper than those with
natural colored hair. Grey-haired females had
considerably less copper, cadmium and lead in
their hair than did those with natural colored
hair. These differences were comparable to
those shown in Table II. Brown hair of women
had the highest copper levels, although the
difference was not significant.
Furthermore, sex differences appeared. The
natural colored hair of women had more
magnesium, copper, lead, nickel and zinc than
did the natural colored hair of men. Grey hair
of women had more magnesium but less cad-
mium and lead than did the grey hair of men.
Five older women had natural colored hair.
These samples contained more lead and possibly
more cadmium than did 15 grey ones (Table
IV), but no more copper or zinc. Magnesium,
nickel, chromium and cobalt could not be com-
pared because samples were few.
Although there were only 8 samples of white
hair, no significant differences were found be-
tween the metal concentrations and those of
grey hair in either sex.
Comparisons of trace metals in blond, brown
and black hair are shown in Table V, according
to sex, and values for red hair in Table VI. No
significant differences in the means were found
for copper or chromium. Male blond hair had
less zinc than black or red; female less than red
or brown. Blond hair of both sexes combined
had less zinc than grey and white (P <
0.001), brown (P < 0.01) black (P < 0.025)
and red (P < 0.005). Male black hair had less
cadmium than brown, red or blond, and brown
hair possibly more lead than did black or red.
Male brown, blond or red hair had less
magnesium than black; female brown hair
less than red. Male red hair may have had
more nickel than brown.
In order to ascertain whether or not concen-
trations of these trace metals were normally
distributed in hair samples, histograms of fre-
quencies according to concentrations were made
(Fig. 1). Zinc was the only element with a
fairly normal distribution, curves of the re-
mainder being more or less positively skewed.
There were a number of examples of very high
values of copper, lead and nickel. One sample
from a blonde woman, aged 35 years, was
aberrant, in that it had low zinc (66 g/g),
high magnesium (336 zg/g) and copper (182
g/g) levels.
That copper may be absorbed into hair from
environmental sources is suggested by one case.
A man 60 to 62 years had on three occasions a
year apart 425 to 486 /Lg/g copper in his white
hair, which had a greenish tinge. He was in the
habit of taking long shower-baths in very soft
spring water which ran through a copper pipe
200 m long. The water contained 1.4 mg/I
copper. He was exposed to no other sources of
environmental copper and his urine contained
70 g/l, a normal value.
Values were considered low or high when
they exceeded one-third or three times their
means, respectively. Low values of magnesium
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TABLE VI
Trace metals ire red hair
Metal Sex No.
Mg d1 7 43.1 12.00 <Black (<0.025)
8 164.0 27.04 >Brown (<0.005)
Zn o 6
8
174.7 15.54
230.5 21.97
>Blond
>Blond
(<0.05)
(<0.005)
Cu c? 7
7
22.4 7.05
24.1 4.25
Cr o 9 0.39 0.048
Cd 8' 7
8
3.93 0.746
3.08 0.530
>Black (<0.001)
Pb 8' 5
8
7.00 1.625
19.3 1.93
<Brown (<0.05)
Ni ci' 15
7
1.74 0.618
3.19 0.424
>Brown (<0.05)
Mg
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Fic. 1. Histograms showing distribution of 8 trace elements in human hair according
to concentration. Both male and female samples are included. Values above the limits
shown on the abscissa were omitted to save space. Numbers of high values not shown
were: magnesium 4, zinc 2, copper 1, cadmium 1, nickel 2. Note that there is a reasonably
normal distribution for zinc and that the other graphs follow a more or less log-normal
distribution. Ages of subjects varied from 10 months to 102 years. Numbers in parenthesis
represent numbers of samples.
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occurred in a young male and in 8 females aged
6 to 65 years. High values were found in 1
young male and 3 females aged 10 to 35. Low
values of zinc (29 to 57 g/g) were found in 2
children and values between 61 and 100 jg/g
occurred in 4 of each sex from 1 to 25 years of
age. A high concentration (>500 ig/g) oc-
curred in 1 female aged 52 years. All persons
from 60 to 102 years old maintained normal
levels of zinc in hair.
High concentrations of cadmium (>9 pg/g)
were found in 4 males aged 38 to 60 and in 5
females aged 4 to 26 years. Low concentrations
occurred 41 times, 29 times in older people over
age 40.
Lead levels were elevated (>54 g/g) in 5
males aged 20 to 75 years, and in 4 females
aged 3 to 6. Copper levels were high in 6
females 4 to 26 years of age, and in 4 young
males. They were low in 4 males and 19 females
of all ages. There were high nickel concentra-
tions in a male and 2 female samples and low
concentrations in 10 males. These individual
variations are unexplained.
Seasonal variations were sought in successive
samples of hair from one 82 year old subject
taken from January through August. The
largest variations from the means were 11.7 per
cent for zinc and 8.3 per cent for copper. Varia-
tions were larger for cadmium, nickel and lead,
but there were no consistent trends.
DIscussIoN
From these data it is apparent that the con-
centrations of the trace elements in human hair
may vary considerably from individual to
individual, and in certain instances, according
to sex, age and color of hair. Although differ-
ences in exposure to trace metals probably
occurred, the subjects of this study lived in the
same small town and were healthy enough to
walk to a barber shop. The older individuals
undoubtedly exhibited atherosclerosis of more
or less degree, but for the purposes of this
study the population was considered to repre-
sent a reasonable sample of normal individuals.
The mean values of magnesium, zinc, copper,
lead and nickel found in hair were within the
ranges reported from the literature by Roth-
man (2). Our cobalt concentrations, however,
differed by 2 orders of magnitude from re-
ported ones (14.2 to 18.1 g/g) by another
method (2); chromium was in the range found
by Prasad (10). To our knowledge, cadmium
in hair has not been measured,
The question of whether or not levels of
trace elements in hair reflect tissue stores of the
elements has arisen (5, 6). Although severe
deficiency states of an essential element are
probably associated with low concentrations in
blood and urine, and often in hair (10), there
are no data to show that the converse is true
in respect to hair, i.e. that low concentrations
signify low tissue levels, nor that high levels in
hair reflect high tissue stores. The many factors,
internal and external, which may influence dep-
osition of essential trace elements in hair are
largely unknown. If hair levels of essential trace
elements actually indicate total body contents,
there would be more magnesium in women
than in men, more copper and zinc in younger
women than in younger men, and more copper
in younger women than in older ones. Analyses
of tissues have not shown these differences (11,
12, 13, 14). Furthermore, total body contents
of magnesium and zinc would necessarily differ
in persons with brown, blond and black hair,
and many of the subjects in our study would
be considered to exhibit tissue deficiencies of
magnesium (9.6 per cent), zinc (6.8 per cent)
and copper (16.1 per cent), which were not
found in healthy populations (11, 12, 13).
Therefore, any interpretation of tissue stores of
a trace element from levels in hair probably
should be made with caution, unless confirmed
by analyses of tissues and fluids.
Based on the extensive analyses of Tipton
and her colleagues (14, 15) we have calculated
trace element concentrations in human tissues
according to age. Elements considered essen-
tial for optimal metabolic function in general
have shown elevated concentrations in newborn
and young children, which declined somewhat
during the first decade of life and remained
quite constant thereafter. This phenomenon,
which is probably the result of homeostatic
mechanisms, has been found in the cases of
magnesium (13), zinc (12), copper (11), and
manganese (16), and was probably present in
the case of cobalt (17). On the other hand,
"abnormal" trace metals such as cadmium (12),
and lead (8) accumulated in human tissues
with age. Nickel increased in lung (18) and
chromium levels declined sharply in the first
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and second decades of life in most American,
but not foreign tissues (19).
Whereas the subjects whose hair were
analyzed are not strictly comparable to the
subjects whose tissues were analyzed, the data
on both groups can be reviewed. Magnesium,
zinc and cobalt concentrations in tissues and in
hair were maintained relatively constant at all
ages, with individual exceptions. There was no
decline in mean zinc levels in either hair or
tissues, and depressed levels in hair occurred
only in young people. The relatively constant
levels of copper in tissues throughout life was
not duplicated in the hair of women. The age-
linked accumulations of cadmium and lead in
American human tissues (12, 20) were not
duplicated in the hair of these subjects, both
declining in women and remaining constant in
males. In the case of chromium, the relatively
constant concentration in hair did not duplicate
the decline in tissues (19). Therefore, from this
comparison of data hair did not appear to re-
flect usual tissue stores of most of these metals.
Goss and Green (21) have published copper
concentrations in hair of a number of mam-
malian species according to color and found no
correlations. White hair had as much or more
copper than black or red hair. Of 6 human
hair samples, no differences in copper were
found in red or black hair. These data partly
refuted those of Kikkawa and colleagues (22)
who proposed the idea that color of hair is
related to its content of iron, cobalt, nickel,
molybdenum and copper. Neither of these
workers analyzed gray or white hair from older
human beings. Red hair is known to concen-
trate iron (2).
Cotzias and colleagues (4) have shown that
white hair from several species contains less
manganese than pigmented hair. According to
our data, women's hair which has become
depigmented also contains less copper, cadmium
and lead. Because these changes were not found
in male hair, it is unlikely that they were as-
sociated with greying. The only significant as-
sociations we found with hair color were the
relatively low concentrations of zinc in blond
hair, the low concentrations of magnesium in
brown hair and the low concentrations of
cadmium in black hair. The possible roles of
these elements in hair color is unknown.
Whereas there was no specific attempt made
to evaluate the presence or absence of athero-
sclerosis in the subjects studied, several known
eases were included. Their hair showed no dif-
ference in zinc content from that of young
individuals. Therefore, we failed to substantiate
the hypothesis that atherosclerosis is associated
with low concentrations of zinc in hair, as
measured by emission spectrography (5). Ac-
cording to our experience, this method is not.
too accurate for zinc (23).
Kopito et al. (7) have shown that lead in
hair is high in children with lead poisoning. A
reasonably good correlation was found between
blood, urinary and hair concentrations of lead
in 16 children with definite or probable lead
poisoning, although all parameters did not
always agree. The mean for 41 normal children
was 24 ig/g with a range of 2—95 jig/g; for
patients with chronic plumbism 282 with a
range of 42—975 ig/g. Our range for 26 normal
children of the same ages, 8 years or less, was
3—85 ig/g, 13 boys having 23.6 and 13 girls
39.8 pg/g. Three of their patients with plumb-
ism had concentrations of less than 90 ig/g.
Therefore, while high levels of lead in hair may
be strongly suggestive of plumbism, interme-
diate levels may be misleading and normal
levels can occur. We know of no evidence that
lead in hair reflects lead stored in bone (20), its
principal site of deposit in the body.
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